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(57) ABSTRACT

A lighting apparatus includes a structured light generation
unit and a controlling umt. The structured light generation
unmit includes plural light sources and an optical element
group. Alter plural light beams from the plural light sources
pass through the optical element group, a first structured
light pattern corresponding to a first light source 1s projected
on a first position of the projection surface and a second
structured light pattern corresponding to a second light
source 1s projected on a second position of the projection
surface. The first position and the second position are
different. The controlling unit controls the first light source
and the second light source to emait the light beams according
to a time sequence. Consequently, the first structured light
pattern and the second structured light pattern are projected
on the projection surface according to the time sequence.

24 Claims, 10 Drawing Sheets
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LIGHTING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to U.S. Provisional Patent
Application No. 62/260,449 entitled “LIGHTING APPA.-
RATUS” filed Nov. 27, 2015, the contents of which are

incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a lighting apparatus, and
more particularly to a lighting apparatus for projecting a
structured light pattern.

BACKGROUND OF THE INVENTION

A structured light 1s a light with a specified pattern. With
increasing development of optical technologies, the struc-
tured light 1s designed to have a linear pattern, a planar
pattern, a grid pattern or even a complicated light pattern.
Consequently, the structured light can be applied to many
fields such as 3D contour regeneration technologies, dis-
tance measurement technologies, anti-counterfeiting recog-
nition technologies, motion sensitive technologies, novel
appearance designs and associated applications. For
example, by using the structured light, the conventional
warning signs can be extensively applied to medical appli-
cations or biomedical applications that require pollution-free
environments. In other words, the importance of the struc-
tured light 1s progressively increased and the associated
technologies are widely explored.

Generally, a structured light generation unit 1s used for
generating a structured light. There are basically two types
of structured light generation units, 1.e., with or without
moving part. The moving part, e.g., by a MEMS or by a
rotator which 1s a mechanical mechanism, could change
light pattern. When the structured light 1s projected on an
object, a structured light pattern 1s formed on a surface of the
object. The structured light pattern on the surface of the
object 1s an important 1dentification feature for judging the
spatial information. However, regardless of whether the
structured light pattern provided by any commercially avail-
able lighting apparatus 1s a linear pattern, a planar pattern or
a grid pattern, the projected position of the structured light
pattern on the surface of the object does not vary with time
for fixed pattern type, 1.e., without moving part. Conse-
quently, the corresponding projection area or resolution 1s
limited, or the projected contents of the structured light
pattern are not distinguished enough for spatial information
extraction or indication. Under this circumstance, the appli-
cations of the structured light pattern are restricted, and thus
the structured light pattern cannot be used 1n the subsequent
process ol precisely calculating the spatial information.
These 1ssues can be solved by using moving parts such that
the lighting pattern 1s changed and hence the spatial infor-
mation 1s further resolved. Nevertheless, there are still some
drawbacks. For example, in case that a microelectrome-
chanical system 1s used to generate the structure light pattern
with the assistance ol a movable optical module, the power
consumption 1s generally very high. Moreover, since the
demands on the assembling tolerances of the moving parts
are stringent, the production yield 1s low and the durability
1s impaired. In other words, the conventional lighting appa-
ratus which 1s with or without moving parts still needs to be
improved.
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2
SUMMARY OF THE INVENTION

For solving the drawbacks of the conventional technolo-
gies, the present invention provides a lighting apparatus for
projecting a structured light pattern on different positions of
a projection surface according to a time sequence. The
structured light pattern can provide suflicient resources for
precisely calculating the spatial immformation in order to
increase the resolution.

For solving the drawbacks of the conventional technolo-
gies, the present invention provides a lighting apparatus for
projecting one or many structured light patterns on a pro-
jection surface according to a sequence of power on-and-oil
on the corresponding light source respectively. The struc-
tured light pattern can provide suilicient resources for pre-
cisely calculating the spatial information 1n order to increase
the resolution.

For solving the drawbacks of the conventional technolo-
gies, the present invention provides a lighting apparatus for
projecting a structured light pattern without the need of
using moving parts. Consequently, the power consumption
1s reduced, and the assembling vield and the durability are
increased.

In accordance with an aspect of the present invention,
there 1s provided a lighting apparatus. The lighting apparatus
includes a structured light generation unit and a controlling
umt. The structured light generation unit includes plural
light sources and an optical element group. After plural light
beams from the plural light sources pass through the optical
clement group, a first structured light pattern corresponding
to a first light source of the plural light sources 1s projected
on a first position of the projection surface and a second
structured light pattern corresponding to a second light
source of the plural light sources 1s projected on a second
position of the projection surface. The first position and the
second position are different. The controlling unit 1s 1n
communication with the structured light generation unait.
The controlling unit controls the first light source and the
second light source to emit the light beams according to a
time sequence, so that the first structured light pattern and
the second structured light pattern are projected on the
projection surface according to the time sequence.

In an embodiment, the controlling unit 1s programmable
to turn on and turn off each of the plural light sources.

In an embodiment, the plural light sources are arranged 1n
a linear permutation, and the plural light sources are alter-
natively and periodically turned on and turned off along a
sequence of the linear permutation under control of the
controlling unit. Alternatively, the plural light sources are
arranged 1n a linear permutation, and the plural light sources
are periodically turned on and turned oflf not along a
sequence of the linear permutation under control of the
controlling unit.

In an embodiment, the plural light sources are arranged 1n
a circular permutation, and the plural light sources are
alternatively and periodically turned on and turned off along
a sequence of the circular permutation under control of the
controlling unit. Alternatively, the plural light sources are
arranged 1 a circular permutation, and the plural light
sources are periodically turned on and turned off not along
a sequence of the circular permutation under control of the
controlling unait.

In an embodiment, the plural light sources are regularly
arranged on a two-dimensional plane, or the plural light
sources are regularly arranged on a three-dimensional curvy
surface or 1 a three-dimensional space.
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In an embodiment, the light source includes a laser diode,

a light emitting diode, an organic light emitting diode and/or
a thermal source.
In an embodiment, the optical element group includes
plural optical elements corresponding to the first structured
light pattern and the second structured light pattern. Each of
the plural optical elements comprises a diflractive optical
clement, a refractive optical element, a reflective optical
element, or a mixed of above mentioned.

In an embodiment, the refractive optical element 1s a
multi-aperture lens, a lenticular lens or a lens array.

In an embodiment, a number of the plural optical elements
1s equal to a number of the plural light sources. The plural
optical elements are aligned with the plural light sources,
respectively.

In an embodiment, a number of the plural non-optical
clements or optically-absorbed elements are inserted corre-
spondingly with a number of the plural light sources and the
plural optical elements to block the stray light respectively.

In an embodiment, the structured light generation unit
turther includes plural collimating lenses. Each of the plural
collimating lenses 1s arranged between the corresponding
light source and the optical element group. After the light
beams from the corresponding light source 1s collimated by
the corresponding collimating lens, the collimated light
beams are directed to the optical element group.

In an embodiment, a linear distance between a light-
outputting side of the optical element group and the plural
light sources 1s smaller than 7 mm, or an overall height of
the lighting apparatus 1s smaller than 7 mm.

In an embodiment, the lighting apparatus further includes
a casing, and the optical element group 1s supported by a
casing. There 1s a fixed relative configuration or a fixed
distance between the optical element group and the plural
light sources. Alternatively, the relative configuration or the
relative distance between the optical element group and the
plural light sources 1s adjusted 1n a programmable manner.

In an embodiment, the lighting apparatus further includes
a sensing unit. After the first structured light pattern and the
second structured light pattern on diflerent positions of the
projection surface are sensed by the sensing unit, a sensing,
signal 1s generated by the sensing unit.

In an embodiment, the controlling unit 1s programmable
to turn on and turn off each of the plural light sources
according to the sensing signal.

In an embodiment, the plural light sources are disposed on
a circuit protection layer, and the plural light sources are
clectrically connected with the circuit protection layer. The
plural light sources are thermally stabilized by the circuit
protection layer, or the plural light sources are not thermally
stabilized by the circuit protection layer.

In an embodiment, the plural light sources and the con-
trolling umt are disposed on a circuit protection layer, and
the plural light sources and the controlling unit are electri-
cally connected with the circuit protection layer. The plural
light sources and the controlling unit are thermally stabilized
by the circuit protection layer, or the plural light sources and
the controlling unit are not thermally stabilized by the circuit
protection layer.

In an embodiment, the plural light sources and the con-
trolling unit are disposed on a circuit protection layer, the
plural light sources and the controlling unit are electrically
connected with the circuit protection layer, and at least one
sensor 1s disposed on the circuit protection layer for gener-
ating a sensing signal to the controlling unit. The plural light
sources, the controlling unit and the at least one sensor are
thermally stabilized by the circuit protection layer, or the
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plural light sources, the controlling unit and the at least one
sensor are not thermally stabilized by the circuit protection
layer.

In an embodiment, the lighting apparatus further com-
prises a casing, and the optical element group and the casing
are integrally formed by iserted molding, two color mold-
ing, UV light curving, or a thermal curving.

In an embodiment, the optical element group and the
casing are integrally formed by inserted molding, two color
molding, UV light curving, or a thermal curving and ther-
mally resistant to a high temperature 1n a retlow process.

In an embodiment, the optical element group 1s a film or
thin optical element which 1s comprised of a surface of
collimating lens array or microlens array while on the other
side 1s a surface of diffractive element array.

In an embodiment, the thickness of the optical element
group 1s less than 0.4 mm.

In an embodiment, the body of casing 1s with alignment
pins or a mechanical structure for hardness enhancement.

In an embodiment, the body of the casing 1s doping with
clectromagnetic interference reduction materials.

In an embodiment, the body of casing with mechanical
structure 1s used for stray light reduction.

From the above descriptions, the lighting apparatus com-
prises plural light sources that are programmable to emait
light beams. According to a time sequence, the structured
light patterns are sequentially projected on different posi-
tions of the projection surface, or the structured light pat-
terns have different profiles. Consequently, the structured
light pattern can provide suflicient resources for precisely
calculating the spatial information 1n order to increase the
resolution. Under this circumstance, the applications of the
structured light pattern are expanded. In comparison with
the conventional technology of using the microelectrome-
chanical system to drive the movable optical module, the
lighting apparatus of the present invention does not need
moving parts. Consequently, the power consumption 1s
largely reduced, the assembling yield 1s increased, the dura-
bility 1s enhanced, and the overall volume 1s reduced.

The above objects and advantages of the present invention
will become more readily apparent to those ordinarily
skilled 1n the art after reviewing the following detailed
description and accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates the operating concept of
a lighting apparatus according to a first embodiment of the
present 1nvention;

FIG. 2 1s a schematic timing wavelform diagram 1llustrat-
ing the on/ofl states of the first light source and the second
light source of the lighting apparatus according to the first
embodiment of the present invention;

FIG. 3 schematically illustrates the operating concept of
a lighting apparatus according to a second embodiment of
the present mnvention;

FIG. 4 1s a schematic timing waveform diagram 1llustrat-
ing the on/ofl states of the four light sources of the lighting
apparatus according to the second embodiment of the pres-
ent 1nvention;

FIG. 5 schematically illustrates the operating concept of
a lighting apparatus according to a third embodiment of the
present 1nvention;

FIG. 6 schematically illustrates the operating concept of
a lighting apparatus according to a fourth embodiment of the
present invention;
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FIG. 7 schematically illustrates a preferred embodiment
of a lighting apparatus according to the fourth embodiment

of the present invention;

FIG. 8 schematically illustrates the operating concept of
a lighting apparatus according to a fifth embodiment of the
present mvention;

FIG. 9 schematically illustrates the operating concept of
a lighting apparatus according to a sixth embodiment of the
present ivention; and

FIG. 10 schematically illustrates a preferred embodiment
of a lighting apparatus according the sixth embodiment of
the present ivention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

L1l

FIG. 1 schematically illustrates the operating concept of
a lighting apparatus according to a first embodiment of the
present mvention.

In this embodiment, the lighting apparatus comprises a
structured light generation unit 1 and a controlling unit 2.
The controlling unit 2 1s 1n communication with the struc-
tured light generation unit 1 in order to control the lighting
sequence of the structured light generation unit 1. The
structured light generation unit 1 comprises plural light
sources and an optical element group 13. After the light
beams generated by each of the light sources pass through
the optical element group 13, a corresponding structured
light pattern 1s projected out. In this embodiment, the plural
light sources comprise two light sources 11a and 1154. It 1s
noted that the number of the light sources 1s not restricted.
In addition, the optical element group 13 1s a film or thin
optical element which 1s comprised of a surface of colli-
mating lens array or microlens array while on the other side
1s a surface of diflractive element array. In a preferred
embodiment, the thickness of the optical element group 13
1s less than 0.4 mm.

As shown 1n FIG. 1, the structured light generation unit 1
comprises the first light source 11a, the second light source
116 and the optical element group 13. After the light beams
from the first light source 11a and the second light source
116 pass through the optical element group 13, the corre-
sponding structured light patterns are externally projected on
a projection surface P (e.g., a surface of an object). The first
light source 11a and the second light source 115 are arranged
side by side and disposed on a circuit substrate 11. In FIG.
1, the first light source 11a and the second light source 115
circumscribed by the balloon-shaped line from the circuit
substrate 11 are taken along another viewpoint. The posi-
tions of the first light source 11a and the second light source
116 on the two-dimensional plane, on a three-dimensional
curvy surface or in the three-dimensional space are difierent.
Consequently, a first structured light pattern S1 1s projected
on a first position of the projection surface P after the light
beams from the first light source 11a pass through the optical
clement group 13, and a second structured light pattern S2
1s projected on a second position of the projection surface P
after the light beams from the second light source 115 pass
through the optical element group 13.

The controlling unit 2 1s 1 communication with the
circuit substrate 11. The controlling unmit 2 1s programmable
to control the first light source 11a and the second light
source 115 to emait light beams according to a time sequence.
Consequently, the first structured light pattern S1 and the
second structured light pattern S2 are projected on the
projection surface P according to the time sequence. In other
words, the visual positions are correspondingly changed.
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Consequently, the lighting apparatus for providing diverse
structured light patterns and a sensing unit can be coopera-
tively used i the subsequent processing operations and
applications to precisely calculate the spatial information.
The operating principles about the cooperation of the light-
ing apparatus and the sensing unit will be described later.
Heremaiter, the method of controlling the first light
source 11a and the second light source 115 to emit light
beams according to the time sequence will be illustrated
with reference to FIG. 2. FIG. 2 1s a schematic timing
wavelorm diagram 1llustrating the on/ofl’ states of the first
light source and the second light source of the lighting
apparatus according to the first embodiment of the present
invention. In the time interval t1, the first light source 11a 1s
in the on state, and the second light source 115 1s in the off
state. In the time interval t2, the first light source 11a 1s 1n
the off state, and the second light source 115 1s 1n the on
state. In the time interval t3, the first light source 11a is 1n
the on state, and the second light source 1156 1s 1n the off
state. Consequently, the first light source 11a and the second
light source 115 alternately emit light beams according to
this time sequence. In other words, the first structured light
pattern S1 and the second structured light pattern S2 are
alternately projected on the first position and the second
position of the projection surface P. In this embodiment, the
time interval corresponding to the on state of the first light
source 11a and the time interval corresponding to the on
state of the second light source 115 are not overlapped with
cach other. In FIG. 1, the first structured light pattern S1 on
the projection surface P are indicated by dotted lines, and the
second structured light pattern S2 on the projection surface
P are indicated by solid lines. That 1s, at this time point, the
first light source 1la stops emitting light beams, but the
second light source 115 emits light beams and projects the
second structured light pattern S2 on the projection surface
P. It 1s noted that numerous modifications and alterations
may be made while retaining the teachings of the invention.
For example, 1n some embodiments, the time interval cor-
responding to the on state of the first light source 11a and the
time interval corresponding to the on state of the second
light source 115 are partially overlapped with each other.
The optical element group 13 comprises one or more
optical elements. After the light beams from each of the first
light source 1la and the second light source 115 pass
through the corresponding optical element, the light beams
are projected out to generate the corresponding structured
light pattern. In this embodiment, the number of optical
clements 1s equal to the number of the light sources. That is,
the optical element group 13 comprises two optical ele-
ments, including a first optical element 134 and a second
optical element 135. The first light source 11a and the
second light source 115 are aligned with the first optical
clement 13a and the second optical element 135, respec-
tively. Moreover, the profiles of the structured light patterns
are determined according to the patterns of the optical
clements 13q and 135. The first structured light pattern S1 1s
generated after the light beams pass through the first optical
clement 13a. The second structured light pattern S2 1is
generated after the light beams pass through the second
optical element 135. In this embodiment, the pattern of the
first optical element 13a and the pattern of the second optical
clement 135 are 1dentical. Consequently, the profile of the
first structured light pattern S1 and the profile of the second
structured light pattern S2 are 1dentical. For clarification and
brevity, the first structured light pattern S1 and the second
structured light pattern S2 as shown in FIG. 1 are illustrated
with plural straight lines. However, the projected positions
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of the first structured light pattern S1 and the second
structured light pattern S2 are different. The examples of the
first structured light pattern S1 and the second structured
light pattern S2 are presented herein for purpose of 1llustra-
tion and description only.

The optical element 1s one of a diffractive optical element
(DOE), a refractive optical element and a reflective optical
clement. The refractive optical element 1s a multi-aperture
lens, a lenticular lens or a lens array. Moreover, the optical
clement group 13 i1s supported by a casing (not shown).
Consequently, there 1s a fixed relative configuration or a
fixed distance between the optical element group 13 and the
light source 11a (or 115). Alternatively, the relative configu-
ration or the relative distance between the optical element
group 13 and the light source 11a (or 115) can be adjusted
in a programmable manner. In an embodiment, the linear
distance between a light-outputting side of the optical ele-
ment group 13 and the light source 11a (or 115) 1s smaller
than 7 mm, or the overall height of the lighting apparatus 1s
smaller than 7 mm.

Preferably but not exclusively, the light source includes a
laser diode (LLD), a light emitting diode (LED), an organic
light emitting diode (OLED) and/or a thermal source.

The structured light generation unit 1 further comprises
one or more collimating lenses. The light beams from the
first light source 11a and the second light source 115 are
collimated by the one or more collimating lenses. In this
embodiment, the number of the collimating lenses 1s equal
to the number of the light sources and the number of the
optical elements. That 1s, the structured light generation unit
1 comprises two collimating lenses, including a first colli-
mating lens 12a and a second collimating lens 1256. The first
collimating lens 12a 1s arranged between the first light
source 11a and the first optical element 13a. After the light
beams from the first light source 11a are collimated by the
first collimating lens 12a, the collimated light beams are
directed to the first optical element 13a. The second colli-
mating lens 125 1s arranged between the second light source
115 and the second optical element 13b. After the light
beams from the second light source 115 are collimated by
the second collimating lens 125, the collimated light beams
are directed to the second optical element 135. After the light
beams pass through the optical elements 13a and 135, the
first structured light pattern S1 and the second structured
light pattern S2 are formed on different positions of the
projection surface P.

In an embodiment, the lighting apparatus further com-
prises a sensing unit A. Alternatively, in another embodi-
ment, the lighting apparatus is electrically connected with an
external sensing unit A. The sensing unit A 1s used for
sensing the first structured light pattern S1 and the second
structured light pattern S2 on different positions of the
projection surface P, thereby generating a sensing signal.
The sensing signal 1s transmitted to the controlling unit 2 for
comparison. According to the comparing result, the spatial
information can be precisely calculated. Moreover, accord-
ing to the sensing signal, the controlling unit 2 1s program-
mable to turn on and turn off the light sources 11 and 115.

FIG. 3 schematically illustrates the operating concept of
a lighting apparatus according to a second embodiment of
the present invention. Like the first embodiment, the lighting
apparatus of the second embodiment comprises a structured
light generation unit 3 and a controlling unit 4. The con-
trolling unit 4 1s in commumnication with the structured light
generation unit 3 1 order to control the lighting sequence of
the structured light generation unit 3. The structured light
generation unit 3 comprises plural light sources 31a~31d
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and an optical element group 33. After the light beams
generated by each of the light sources 31a~314d pass through
the optical element group 33, a corresponding structured
light pattern 1s projected out. In this embodiment, the plural
light sources comprise the four light sources. These four
light sources include a first light source 31a, a second light
source 315, a third light source 31¢ and a fourth light source
31d, which are arranged on a circuit substrate 31 1n a circular
permutation. After the light beams from the four light
sources 31a, 316, 31c and 31d pass through the optical
clement group 33, corresponding structured light patterns
are respectively projected on four positions of the projection
surface P.

In an embodiment, the controlling unit 4 1s programmable
to alternately and periodically turn on and turn ofl the light
sources 31a~31d along a circular direction. Consequently, a
first structured light pattern (Q1, a second structured light
pattern 2, a third structured light pattern Q3 and a fourth
structured light pattern Q4 are alternately projected on the
projection surface P along a circular direction. Alternatively,
the controlling unit 4 1s programmable to alternately and
periodically turn on and turn off the light sources 31a-31d
not along the circular direction (1.e., 1n a random manner).
Consequently, a first structured light pattern (Q1, a second
structured light pattern Q2, a third structured light pattern
Q3 and a fourth structured light pattern Q4 are alternately
projected on the projection surface P not along a circular
direction (i.e., 1n a random manner).

Hereinatter, the method of controlling the first light
source 31a, the second light source 315, the third light
source 31c and the fourth light source 31d to emit light
beams according to the time sequence will be illustrated
with reference to FIG. 4. FIG. 4 1s a schematic timing
wavelorm diagram illustrating the on/off states of the four
light sources of the lighting apparatus according to the
second embodiment of the present invention. In the time
interval t1', the first light source 31a 1s in the on state, and
the other three light sources 315, 31¢ and 31d are in the off
state. In the time interval t2', the second light source 315 1s
in the on state, and the other three light sources 31a, 31¢ and
31d are 1n the off state. In the time interval t3', the third light
source 31c¢ 1s 1in the on state, and the other three light sources
31a, 316 and 314 are 1n the off state. In the time interval t4',
the fourth light source 31d 1s in the on state, and the other
three light sources 31a, 315 and 31c¢ are in the off state. In
the time 1nterval t5', the first light source 31a 1s 1n the on
state, and the other three light sources 315, 31¢ and 314 are
in the ofl state. Consequently, these light sources alternately
emit light beams according to this time sequence. In other
words, the first structured light pattern Q1, the second
structured light pattern (Q2, the third structured light pattern
Q3 and the fourth structured light pattern Q4 are alternately
projected on the first position, the second position, the third
position and the fourth position of the projection surface P.
In this embodiment, the time intervals corresponding to the
on states of the first light source 31a, the second light source
315, the third light source 31¢ and the fourth light source 314
are not overlapped with each other. It 1s noted that numerous
modifications and alterations may be made while retaiming
the teachings of the invention. For example, in some
embodiments, the time intervals corresponding to the on
states of the first light source 31a, the second light source
31b, the third light source 31¢ and the fourth light source 314
are partially overlapped with each other.

Like to the first embodiment, the optical element group 33
of this embodiment comprises one or more optical elements.
After the light beams from each of the light sources 31a~31d
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pass through the corresponding optical element, the light
beams are projected out to generate the corresponding
structured light pattern. In this embodiment, the number of
optical elements 1s equal to the number of the light sources.
That 1s, the optical element group 33 comprises four optical
clements 33a~33d. The light sources 31a~31d are aligned
with the optical elements 33a~33d, respectively. Moreover,
the profiles of the structured light patterns are determined
according to the patterns of the optical elements 33a~334d. In
his embodiment, each of the structured light patterns is
llustrated with plural distributed dots. Since the positions of
he first light source 31a, the second light source 315, the
hird light source 31¢ and the fourth light source 31d are
different, the first structured light pattern Q1, the second
structured light pattern Q2, the third structured light pattern
Q3 and the fourth structured light pattern Q4 are projected
on different positions of the projection surface P.

The structured light generation unit 3 further comprises
one or more collimating lenses. The light beams from the
light sources are collimated by the corresponding collimat-
ing lenses. In this embodiment, the number of the collimat-
ing lenses 1s equal to the number of the light sources and the
number of the optical elements. That 1s, the structured light
generation unit 3 comprises four collimating lenses
32a~32d. The first collimating lens 32a 1s arranged between
the first light source 31a and the first optical element 334 for
collimating the light beams from the first light source 31a
and directing the collimated light beams to the first optical
clement 33a. The second collimating lens 326 1s arranged
between the second light source 316 and the second optical
clement 335 for collimating the light beams from the second
light source 316 and directing the collimated light beams to
the second optical element 33b. The third collimating lens
32¢ 15 arranged between the third light source 31¢ and the
third optical element 33¢ for collimating the light beams
from the third light source 31¢ and directing the collimated
light beams to the third optical element 33¢. The fourth
collimating lens 32d 1s arranged between the fourth light
source 31d and the fourth optical element 334 for collimat-
ing the light beams from the fourth light source 314 and
directing the collimated light beams to the fourth optical
clement 33d. After the light beams pass through the optical
clements 33a~33d, the light beams are projected out.

FIG. 5 schematically illustrates the operating concept of
a lighting apparatus according to a third embodiment of the
present mnvention. Like the first embodiment, the lighting
apparatus of the third embodiment comprises a structured
light generation unit 5 and a controlling unit 6. The con-
trolling unit 6 1s in commumication with the structured light
generation unit 5 1 order to control the lighting sequence of
the structured light generation unit 3. The structured light
generation umt 3 comprises plural light sources 51aq and an
optical element group 53. After the light beams generated by
cach of the light sources 51a pass through the optical
clement group 53, a corresponding structured light pattern 1s
projected out. In comparison with the first embodiment, the
structured light generation unit S of this embodiment com-
prises nine light sources S1a. These nine light sources 51a
are arranged on a circuit substrate 51 1n an array. The
controlling unit 6 1s programmable to turn on and turn off
these light sources 51a according to a lighting sequence.
Consequently, diflerent structured light patterns are respec-
tively projected on different positions of the projection
surface P according to the lighting sequence.

Like to the first embodiment, the optical element group 53
of this embodiment comprises one or more optical elements
53a. After the light beams from each of the light sources 51a
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pass through the one or more optical elements, the light
beams are projected out to generate the corresponding
structured light pattern. In this embodiment, the number of
optical elements 53a 1s equal to the number of the light
sources 51a. That 1s, the optical element group 33 comprises
nine optical elements 33a. The light sources 51a are aligned
with the optical elements 33q, respectively. Moreover, the
profiles of the structured light patterns are determined
according to the patterns of the optical elements 53a. In this
embodiment, aiter the light beams from the light sources 51a
pass through the corresponding optical elements 33a, the
generated structured light patterns have different profiles. It
1s noted that numerous modifications and alterations may be
made while retaining the teachings of the mvention. For
example, 1n another embodiment, atter the light beams from
the light sources 51a pass through the corresponding optical
clements 53a, the profiles of the generated structured light
patterns are identical. In a further embodiment, after the
light beams from the light sources 51a pass through the
corresponding optical elements 53a, the profiles of at least
two of the generated structured light patterns are i1dentical.

The structured light generation unit 3 further comprises
one or more collimating lenses 52a. The light beams from
the light sources 51a are collimated by the corresponding
collimating lenses 32a. In this embodiment, the number of
the collimating lenses 52a 1s equal to the number of the light
sources 31a and the number of the optical elements 53a.
That 1s, the structured light generation unit S comprises nine
collimating lenses 52a. Each of the collimating lenses 52a 1s
arranged between the corresponding light source S1a and the
corresponding optical element 53a for collimating the light
beams from the corresponding light source 51a and directing
the collimated light beams to the corresponding optical
clement 33a.

In this embodiment, the plural light sources 51 are
arranged 1 a 3x3 array. Consequently, the arrangement of
the light sources 51a contains a linear permutation (e.g., the
upper row of the 3x3 array). In an embodiment, the con-
trolling unit 6 1s programmable to alternately and periodi-
cally turn on and turn off the light sources 51 along a linear
direction. Alternatively, the controlling unit 6 1s program-
mable to alternately and periodically turn on and turn off the
light sources 51 not along a linear direction.

FIG. 6 schematically illustrates the operating concept of
a lighting apparatus according to a fourth embodiment of the
present invention. Like the third embodiment, the lighting
apparatus of the fourth embodiment comprises a structured
light generation unit 7 and a controlling unit 8. In compari-
son with the third embodiment, each light source 71 1s
equipped with a sensor 71b. After the structured light pattern
projected out from the corresponding light source 71a 1s
sensed by the corresponding sensor 715, a sensing signal 1s
issued from the sensor 715 to the controlling unit 8. The light
sources 71a and the sensors 715 are disposed on a circuit
protection layer 72. The light sources 71a and the sensors
71b are electrically connected with the circuit protection
layer 72. The circuit protection layer 72 can provide a good
protective shielding function, provide an electrical connec-
tion function or stabilize the working temperatures of com-
ponents. The plural light sources 71a are thermally stabi-
lized by the circuit protection layer 72, or the plural light
sources 71la are not thermally stabilized by the circuit
protection layer 72. In some other embodiments, the con-
trolling unit and the light sources are disposed on the same
circuit protection layer.

Furthermore, the lighting apparatus may further comprise
at least one optically-absorbed element 535 for stray light
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reduction, as FIG. 7 shows. The optically-absorbed element
53 has a body and a plurality of apertures 56 formed on the
body, the apertures 56 are corresponding to the collimating
lens 52a while the optically-absorbed element 55 1s aside by
the collimating lens 52a. With such an arrangement, the
generality light beams are allowed to pass via the apertures
56 of the optically-absorbed element 35 and minor stray
light beams would be absorbed by the body. Besides, opti-
cally-absorbed element 35 could be well substituted by a
non-optical element.

FIG. 8 schematically illustrates the operating concept of
a lighting apparatus according to a fifth embodiment of the
present invention. Like the third embodiment, the lighting
apparatus of the fifth embodiment comprises a structured
light generation unit 90 and a controlling unit 91. In com-
parison with the fifth embodiment, the structured light
generation unit 90 1s not equipped with the collimating
lenses. Since the collimating lenses are omitted, the overall
thickness of the lighting apparatus 1s reduced. Consequently,
the lighting apparatus can be installed more flexibly.

FIG. 9 and FIG. 10 schematically 1llustrate the operating
concept of a lighting apparatus according to a sixth embodi-
ment of the present invention. Like the fifth embodiment, the
lighting apparatus of the sixth embodiment further com-
prises a casing 37, and the optical element group 53 and the
casing 57 are integrally formed by inserted molding, two
color molding, UV light curving, or thermal curving and
thermally resistant to a high temperature 1n a reflow process.

Furthermore, the body of casing 57 1s used for stray light
reduction, and 1s with alignment pins or a mechanical
structure for hardness enhancement. The body of casing 57
1s wrapped by a mechanical structure 59 to enhance the
strength of entire mechanical structure. Besides, the body of
the casing 57 may be doping with electromagnetic interfer-
ence reduction materials for a better performance.

From the above descriptions, the lighting apparatus com-
prises plural light sources that are programmable to emit
light beams. According to a time sequence, the structured
light patterns are sequentially projected on different posi-
tions of the projection surface, or the structured light pat-
terns have different profiles. Consequently, the structured
light pattern can provide suflicient resources for precisely
calculating the spatial information 1n order to increase the
resolution. Under this circumstance, the applications of the
structured light pattern are expanded. In comparison with
the conventional technology of using the microelectrome-
chanical system to drive the movable optical module, the
lighting apparatus of the present mvention does not need
moving parts. Consequently, the power consumption 1s
largely reduced, the assembling yield 1s increased, the dura-
bility 1s enhanced, and the overall volume 1s reduced.

While the invention has been described 1n terms of what
1s presently considered to be the most practical and preferred
embodiments, it 1s to be understood that the invention needs
not be limited to the disclosed embodiments. On the con-
trary, 1t 1s mtended to cover various modifications and
similar arrangements 1ncluded within the spirit and scope of
the appended claims which are to be accorded with the
broadest interpretation so as to encompass all such modifi-
cations and similar structures.

What 1s claimed 1s:

1. A lighting apparatus, comprising:

a structured light generation unit comprising plural light
sources, plural collimating lenses and an optical ele-
ment group, wherein the collimating lenses are
arranged between the light sources and the optical
clement group, after plural light beams from the cor-
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responding light sources are collimated by the corre-
sponding collimating lens and then passing through the
optical element group, a first structured light pattern
corresponding to a first light source of the plural light
sources 1s projected on a first position of a projection
surface and a second structured light pattern corre-
sponding to a second light source of the plural light
sources 1s projected on a second position of the pro-
jection surface, wherein the first position and the sec-
ond position are different; and

a controlling unit 1n commumnication with the structured

light generation unit, wherein the controlling unit con-
trols the first light source and the second light source to
emit the light beams according to a time sequence, so
that the first structured light pattern and the second
structured light pattern are projected on the projection
surface according to the time sequence.

2. The lighting apparatus according to claim 1, wherein
the controlling unit 1s programmable to turn on and turn ofl
cach of the plural light sources.

3. The lighting apparatus according to claim 2, wherein
the plural light sources are arranged in a linear permutation,
and the plural light sources are alternatively and periodically
turned on and turned off along a sequence of the linear
permutation under control of the controlling unit; or the
plural light sources are arranged 1n a linear permutation, and
the plural light sources are periodically turned on and turned
ofl not along a sequence of the linear permutation under
control of the controlling unat.

4. The lighting apparatus according to claim 2, wherein
the plural light sources are arranged in a circular permuta-
tion, and the plural light sources are alternatively and
periodically turned on and turned off along a sequence of the
circular permutation under control of the controlling unit; or
the plural light sources are arranged in a circular permuta-
tion, and the plural light sources are periodically turned on
and turned ofl not along a sequence of the circular permu-
tation under control of the controlling unat.

5. The lighting apparatus according to claim 2, wherein
the plural light sources are regularly arranged on a two-
dimensional plane, or the plural light sources are regularly
arranged on a three-dimensional curvy surface or 1n a
three-dimensional space.

6. The lighting apparatus according to claim 1, wherein
the light source includes a laser diode, a light emitting diode,
an organic light emitting diode and/or a thermal source.

7. The lighting apparatus according to claim 1, wherein
the optical element group comprises plural optical elements
corresponding to the first structured light pattern and the
second structured light pattern, wherein each of the plural
optical elements comprises a diflractive optical element, a
refractive optical element or a reflective optical element.

8. The lighting apparatus according to claim 7, wherein
the refractive optical element 1s a multi-aperture lens, a
lenticular lens or a lens array.

9. The lighting apparatus according to claim 7, wherein a
number of the plural optical elements 1s equal to a number
of the plural light sources, and the plural optical elements are
aligned with the plural light sources, respectively.

10. The lighting apparatus according to claim 7, wherein
a number of the plural non-optical elements or optically-
absorbed elements are mserted correspondingly with a num-
ber of the plural light sources and the plural optical elements
to block the stray light respectively.

11. The lighting apparatus according to claim 1, wherein
the lighting apparatus further comprises a casing, and the
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optical element group and the casing are mtegrally formed
by 1nserted molding, two color molding, UV light curving,
or a thermal curving.

12. The lighting apparatus according to claim 1, wherein
a lmear distance between a light-outputting side of the
optical element group and the plural light sources 1s smaller
than 7 mm, or an overall height of the lighting apparatus 1s
smaller than 7 mm.

13. The lighting apparatus according to claim 1, wherein
the lighting apparatus further comprises a casing, and the
optical element group 1s supported by a casing, wherein
there 1s a fixed relative configuration or a fixed distance
between the optical element group and the plural light
sources, or the relative configuration or the relative distance
between the optical element group and the plural light
sources 1s adjusted 1n a programmable manner.

14. The lighting apparatus according to claim 1, wherein
the lighting apparatus further comprises a sensing unit,
wherein after the first structured light pattern and the second
structured light pattern on different positions of the projec-
tion surtace are sensed by the sensing umit, a sensing signal
1s generated by the sensing unit.

15. The lighting apparatus according to claim 14, wherein
the controlling umit 1s programmable to turn on and turn ofl
cach of the plural light sources according to the sensing
signal.

16. The lighting apparatus according to claim 1, wherein
the plural light sources are disposed on a circuit protection
layer, and the plural light sources are electrically connected
with the circuit protection layer, wherein the plural light
sources are thermally stabilized by the circuit protection
layer, or the plural light sources are not thermally stabilized
by the circuit protection layer.

17. The lighting apparatus according to claim 1, wherein
the plural light sources and the controlling unit are disposed
on a circuit protection layer, and the plural light sources and
the controlling unit are electrically connected with the
circuit protection layer, wherein the plural light sources and
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the controlling unit are thermally stabilized by the circuit
protection layer, or the plural light sources and the control-
ling unit are not thermally stabilized by the circuit protection
layer.

18. The lighting apparatus according to claim 1, wherein
the plural light sources and the controlling unit are disposed
on a circuit protection laver, the plural light sources and the
controlling unit are electrically connected with the circuit
protection layer, and at least one sensor 1s disposed on the
circuit protection layer for generating a sensing signal to the
controlling umt, wherein the plural light sources, the con-
trolling umt and the at least one sensor are thermally
stabilized by the circuit protection layer, or the plural light
sources, the controlling unit and the at least one sensor are
not thermally stabilized by the circuit protection layer.

19. The lighting apparatus according to claim 11, wherein
the body of casing with mechanical structure 1s used for
stray light reduction.

20. The lighting apparatus according to claim 11, wherein
the optical element group and the casing are integrally
formed by inserted molding, two color molding, UV light
curving, or a thermal curving and thermally resistant to a
high temperature in a reflow process.

21. The lighting apparatus according to claim 11, wherein
the optical element group 1s a film or thin optical element
which 1s comprised of a surface of collimating lens array or
microlens array while on the other side 1s a surface of
diffractive element array.

22. The lighting apparatus according to claim 21, wherein
the thickness of the optical element group is less than 0.4
mm.

23. The lighting apparatus according to claim 11, wherein
the body of casing 1s with alignment pins or a mechanical
structure for hardness enhancement.

24. The lighting apparatus according to claim 11, wherein
the body of the casing 1s doping with electromagnetic
interference reduction matenals.
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